Eight dual-flow continuous-culture fermenters were used in four replicated periods to compare the effects of diet and microbial marker on estimates of N metabolism in continuous culture of ruminal microorganisms. A basal diet was supplemented with urea and tryptone, soybean meal (SBM), lignosulfonate-treated SBM, corn gluten meal, blood meal (BM), hydrolyzed feather meal, fish meal (FM), or meat and bone meal (MBM). Microbial protein flow and protein degradation in fermenters were estimated using purines, purine N, and 15 N in bacteria obtained from fermenter flasks or from the effluent. The ratio of purine N to total N in bacteria averaged .083 and was not affected ( P > .05) by treatment. Dietary purine content (percentage of DM) ranged from .033 in BM to .084 in FM. Escape of feed purine N (percentage of total purine N flow) averaged 1.7% (SE = 2.9) and was not different ( P > .05) among treatments. Bacterial N flows obtained using purines were more variable than estimates obtained using 15 N. Bacterial N flows calculated using 15 N in bacteria isolated from fermenters were more variable than those obtained using bacteria isolated from the effluent. The use of purines as a microbial marker resulted in lower estimates of protein degradation and smaller differences among treatments compared with use of 15 N. Data suggest that escape of feed purine N seems to be a minor factor affecting calculation of bacterial N flow and that the use of 15 N in effluent bacteria may be a more accurate procedure when using continuous-culture fermenters.
Introduction
Protein flowing to the duodenum of ruminants is composed of microbial, dietary, and endogenous N. One of the major problems confronting ruminant nutritionists is determination of microbial contribution to N supply to the small intestine. These measurements rely on the use of microbial markers. In a recent review, Broderick and Merchen (1992) recommended the use of purines and 15 N. The technique for analyzing purines is simpler, faster, and cheaper than most other procedures. However, the purine:N ratio may change with time after feeding (Cecava et al., 1990) , between particle-( PAB) and fluid-( FAB) associated bacteria (Firkins et al., 1987) , or due to incomplete destruction of dietary purines in the rumen (Smith et al., 1978) . If feeds vary in their purine content, and purine degradation is different from 100% or variable among feeds, then residual feed purines reaching the duodenum could influence treatment effects on microbial N flow to the duodenum. In vitro continuous-culture fermentation offers several advantages compared with in vivo studies for evaluating microbial markers, including no confounding effect of endogenous contribution of N, reduced protozoal purine contribution, and constant feed intake, outflow rates, and pH.
The objective of this experiment was to compare purines and 15 N as bacterial markers in diets formulated with various protein supplements differing in protein degradability and purine concentration.
Materials and Methods
This study was conducted in conjunction with an in vitro fermentation experiment (Calsamiglia et al., 1995) . Eight diets were formulated to meet or exceed Table 1 . Ingredient and chemical composition (percentage of DM) of diets containing various protein sources a CTRL = urea and tryptone; SBM = soybean meal; LSBM = lignosulfonate-treated SBM; CGM = corn gluten meal; BM = blood meal; HFM = hydrolyzed feather meal; FM = fish meal; MBM = meat and bone meal.
b Contained .6% Se, .56% Fe, 1.42% Zn, .5% Cu, .004% Co, 6,500 IU vitamin A/kg, 4,000 IU vitamin D/kg, and 500 IU vitamin E/kg. c Total nonstructural carbohydrates determined enzymatically (Smith, 1969 
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Continuous-Culture System Experiment
Eight 1,030-mL dual-flow continuous-culture fermenters (Hannah et al., 1986) were used in four consecutive periods to study the effect of diets containing different protein supplements on microbial fermentation and N flow. Diets were pelleted, and 75 g of DM was fed in eight equal portions throughout the day. Temperature was maintained at 39°C, and pH was controlled at 6.25 ± .05 by infusion of 3 N HCl or 5 N NaOH. Anaerobic conditions were maintained by infusion of N 2 at a rate of 40 mL/min. Artificial saliva (Weller and Pilgrim, 1974) was continuously infused into flasks and contained .5 g/L of urea N. Liquid and solid dilution rates were maintained at 10 and 5.5%/h, respectively.
Each experimental period consisted of 10 d. 9 , and 10), effluent collection vessels were maintained at 2 to 4°C to retard microbial action. On each of the sampling days, daily solid and liquid effluents were homogenized together for 5 min, and a 500-mL sample was removed via aspiration. Upon completion of each period, effluent from the three sampling days was composited by fermenter and lyophilized. Bacteria were isolated from fermenter effluent during sampling days and from the fermenter flasks on the last day of each period. Samples were homogenized for 1 min in a Waring blender (Waring, New Hartford, CT) to dislodge solid-phase bacteria, strained through two layers of cheesecloth, and preserved with formaldehyde (1% final concentration) at 4°C. Bacterial cells were isolated by differential centrifugation at 500 × g for 10 min and 10,000 × g for 15 min. Pellets were rinsed with saline solution twice and recentrifuged and then rinsed with distilled water to prevent contamination of bacteria with NaCl.
Chemical Analyses
Nutrient composition of diets was determined following AOAC (1980) procedures. Effluent DM was calculated by lyophilizing 300-mL aliquots in triplicate with subsequent drying at 100°C in a forced-air oven for 24 h. Dry matter content of diets and bacterial samples was determined by drying samples for 24 h in a 100°C forced-air oven. Dry samples were ashed overnight at 500°C in a muffle furnace. Total N and ammonia N concentrations of samples were determined by AOAC (1980) procedures.
Bacterial cells and effluent were analyzed for total N and 15 N. Effluent samples (approximately .04 g ) were weighed, wetted with distilled water, adjusted with 1 N NaOH to a pH > 10 (confirmed with pH paper), and dried at 90°C for 16 h to remove NH 3 N (Firkins et al., 1992) . The resulting NAN was collected by the micro-Kjeldahl method, with distillation of formic acid and ethanol to reduce crosscontamination before drying in a food dehydrator (Firkins et al., 1992) . The 15 N enrichment of samples was determined by isotope-ratio spectrometry (Firkins et al., 1992) . Bacterial samples taken from fermenters and effluent were analyzed for N concentration and 15 N enrichment with the same method except for exclusion of the initial step that evolves NH 3 N, which was assumed to have been removed during harvesting. The 15 N background was subtracted from the 15 N enrichment after 15 N infusion to determine the atom percentage excess of 15 N. Bacterial N flow was calculated as (NAN flow × 15 N atom percentage excess of effluent NAN)/( 15 N atom percentage excess of bacteria).
Purines were determined using the procedure of Zinn and Owens (1986) . Purine N concentration was determined as a preparatory step for purine 15 N analysis. Purine 15 N enrichment was determined by modification of the procedure described by . Modifications were done to obtain larger purine N samples ( 1 mg of N ) to adapt to the system for determining 15 N enrichment. Bacteria (.2 g ) or effluent samples (.5 g ) were hydrolyzed in 2.5 mL of perchloric acid (Zinn and Owens, 1986) with .5 mL of 2 M NaCl added . Samples were diluted with 17.5 mL of .1 M acetic acid and filtered through Whatman GFD fiberglass (Ushida et al., 1985) . Filtrates from bacteria (15 mL) or effluent (two combined samples totaling 30 mL) were transferred to 500-mL centrifuge bottles. Fifteen milliliters (for bacterial samples) or 30 mL (for effluent samples) of .4 M AgNO 3 and 225 mL (for bacteria samples) or 350 mL (for effluent samples) of .2 M acetic acid were added to the preparation. Samples were protected from light and stored at 4°C overnight. The next day, samples were centrifuged at 10,000 × g at 4°C for 15 min. The fluid was discarded, the precipitate was divided in half, and each half was transferred to two 50-mL centrifuge tubes. Samples were washed by adding 25 mL of .1 M acetic acid containing .005 M AgNO 3 and centrifuged at 10,000 × g, at 4°C for 15 min. The washing step was repeated and the remaining precipitate was incubated with 25 mL of .5 N HCl in a 90°C water bath for 30 min. Samples were centrifuged at 10,000 × g at 4°C for 15 min and the supernatant was filtered through Whatman 541 filter paper. The divided samples were re-combined, 3 mL of concentrated H 2 SO 4 was added, and samples were dried in a food dehydrator prior to micro-Kjeldahl and 15 N analysis. Feed samples were processed and analyzed similarly to the effluent samples. Purine N was determined in triplicate for feed samples and in duplicate for effluent samples. Samples taken from fermenters prior to 15 N infusion were used for background correction of 15 N enrichment of purine N. Because bacterial purine N concentration was not needed for calculations of feed purine N escape, analysis was not duplicated.
Because only bacterial purines should become enriched above background after infusion of ( 15 NH 4 ) 2 SO 4 into fermenters, dilution of enrichment of total effluent purine N compared with bacterial purine N should be proportional to escape of dietary purine N. Therefore, feed purine N degradation (percentage) was calculated as effluent flow of total purine N per day × [1 − ( 15 N atom percentage excess of effluent purines/ 15 N atom percentage excess of bacterial purines)]/intake per day of feed purine N × 100. Protein degradation in fermenters and flows of total N, NAN, microbial N, and dietary N were calculated using the three markers.
Statistical Analysis
Results were analyzed as a completely randomized block design by the General Linear Models procedure of SAS (1985) , using periods as blocks. Treatment differences were declared at P < .05, using the Tukey's multiple comparison test. Marker comparisons were analyzed using the Regression procedure of SAS (1985) .
Results and Discussion
Effects of dietary treatments on in situ protein degradation, microbial fermentation, and nutrient flow from the continuous-culture fermenters using purines were published in a previous paper (Calsamiglia et al., 1995) . Preliminary results (data not shown) indicated that yeast RNA had 14.89% N (by Purine N (percentage of DM) and the ratio of purine N:total N in bacteria harvested from fermenters were similar among treatments ( Table 2 ). The 15 N atom percentage excess (corrected for 15 N background) of purine N and total N in bacteria harvested from fermenters decreased ( P < .05) with decreasing ruminally undegradable protein in diets and was probably due to a dilution of the 15 N label caused by greater NH 3 N concentrations from degradable protein (Calsamiglia et al., 1995) .
Purine Degradation. Dietary purine N content of the FM diet was about twice that of other diets (Table 2) . However, purine N flow (grams/day) ranged from .099 in MBM to .127 in SBM and was not correlated ( P > .05; r 2 = .03) with dietary purine (grams/day) intake. Degradation of feed purine N (as a percentage of purine N intake) and escape of feed purine N (as a percentage of total effluent flow of purine N ) were not different ( P > .05) among treatments ( Table 2 ). The ratio of 15 N enrichment of purine N in effluent relative to that of fermenter bacteria, which is used in the calculation of feed purine degradation, ranged from .94 to 1.03, with no treatment differences ( P > .05). Values greater than 1.00 were the result of experimental error. Microbial degradation of feed purine N ranged from 81 to 110% of purine N intake. Two data values were more than 2 SD greater than the mean and were excluded from the data set (therefore, LS means were used for those data). The larger variation in estimates of feed purine N escape (SE = 9.0) compared with the ratio of 15 N in purine (SE = 2.9) suggests that much of the variation associated with estimates of dietary purine N escape can be attributed to the lower precision of the purine N assay. In support of this conclusion, bacterial N flow calculated using purine N data was more variable than flows calculated with other markers (Table 2) . Duplication was generally satisfactory for bacterial and effluent samples but was somewhat poorer for feed samples (data not shown). Because of the lower intake than flow of purine N, smaller differences in the ratios of purine 15 N enrichment of effluent to that of bacteria were magnified for the calculation of escape feed purine N. Although our procedure estimated an escape of 19% of dietary purines in the FM diet, the small amount of dietary purines fed relative to purines in the effluent (mostly from bacteria) would dilute the actual error in bacterial N flow arising from FM purine contamination to 6.3% (Table  2) . Data were not different from zero and were certainly lower than the 15% error in bacterial N flow reported by Smith et al. (1978) . Factors other than purine escape could have affected their results, such as differences in marker:N ratio among FAB (which were harvested by Smith et al., 1978) vs PAB. Moreover, experimental periods and treatment (RNA vs 32 P-RNA) seemed to be confounded in the study by Smith et al. (1978) . Therefore, escape of feed purine N seems to have been a minor factor affecting calculation of bacterial N flow in this study.
Bacterial N Flow. Bacterial N flows obtained using the purine N procedure were more variable than estimates obtained using 15 N (Table 2) , probably because of the lower precision of the purine N assay. Although treatment means were ranked similarly, estimates of bacterial N flow calculated using 15 N enrichment of fermenter bacteria (SE = .06) were slightly more variable than those calculated using effluent bacteria (SE = .05). In fact, this reduction in the SE of estimates of bacterial N flow when 15 N in effluent bacteria was used was enough to declare significant differences ( P < .05) among treatments and therefore change interpretation of results. reasoned that the purine N pool of bacteria turned over more slowly than a pool that could exchange 15 N much more rapidly with extracellular N pools. The effluent from fermenters was kept on ice between daily collections, whereas bacteria from fermenters were collected once and frozen immediately. Small exchanges in 15 N by bacteria with the extracellular N should affect the 15 N enrichment of effluent and effluent bacteria similarly. In addition, samples for bacterial 15 N enrichment taken from the effluent were composites over time, which may account for the lower variation compared with single time-point samples taken from fermenters. Therefore, using 15 N in effluent bacteria may be more accurate than using 15 N from fermenter bacteria. Bacterial N flow using 15 N enrichment of both harvested bacterial samples were related as follows: Bacterial N flow (grams/day) using 15 N in effluent bacteria = .624 (SE = .123) + .617 (SE = .092) [bacterial N flow (grams/day) using 15 N in fermenter bacteria]; r 2 = .60. The positive intercept seems to be heavily weighted by one or a few points because bacterial N flow averaged across treatments using 15 N in effluent bacteria (1.34 g/d) was similar to that using fermenter bacteria (1.33 g/d).
Lack of correlation (insignificant linear regression coefficient) between bacterial N flows calculated using purines or 15 N in effluent bacteria (Figure 1 ) for individual data, coupled with general agreement in ranking among means (Table 2 ) for bacterial N flow, suggests that variation relates to the relative precision of the two techniques. Lack of correlation does not seem to be due to escape dietary purine, which would cause at most a 6.3% error (see earlier discussion). Moreover, escape feed purine N would cause an overestimation of bacterial N flow using purines compared with 15 N, which is the opposite of what is shown (i.e., negative intercepts rather than the positive intercepts shown in Figure 1 ). The average bacterial N flow calculated using purine N (1.38 g/d) was similar to that calculated using 15 N (1.34 g/d) but higher than that calculated using purines (1.23 g/ d). Escape of undigested feed purine N would be expected to affect bacterial N flows calculated using purines and purine N similarly. Hsu and Fahey (1990) suggested that some purines may be degraded by nucleases before harvesting of ruminal bacteria, but this should affect recovery of purines and purine N similarly. If the N:purine ratio were lower in the FAB compared with the PAB (Cecava et al., 1990) , then using only FAB would underestimate bacterial N flow. However, Firkins et al. (1987) indicated that there was no difference in the N:purine ratio between FAB and PAB; a mix of FAB and PAB was harvested in the current study. It is possible that part of the disagreement among markers could be attributed to the method used for purine determination (Zinn and Owens, 1986) in the current study. This procedure was modified by Ushida et al. (1985) and was followed, with modifications, in our procedure for purine N. Although escape of undigested feed purines should cause overestimation of bacterial N flow, et al. (1987) reported that bacterial N flow to the duodenum was underestimated with purines (Zinn and Owens, 1986) compared with 15 N. In contrast, Cecava et al. (1991) reported that bacterial N flow to the duodenum was similar or higher when purines (Ushida et al., 1985) vs 15 N were used. Therefore, comparison between purines and 15 N are inconsistent, but results may be dependent on the accuracy of the marker procedure used.
Dietary Protein Degradation.
Ruminal CP degradation ( % ) based on in situ determinations was 83.0 for CTRL, 75.5 for SBM, 62.5 for LSBM, 45.0 for CGM, 43.5 for BM, 53.0 for HFM, 58.0 for FM, and 62.0 for MBM (Calsamiglia et al., 1995) . Estimates of microbial CP degradation varied slightly depending on the microbial marker used, but trends among treatments were similar (Table 2) . Protein degradation tended to be lower and differences less apparent when purines were used. Regression of protein degradability using purine N and 15 N in fermenter or effluent bacteria vs data obtained using purines (Figure 2 ) resulted in positive intercepts with linear slopes smaller ( P < .01) than 1, corroborating generally lower protein degradabilities and smaller differences among treatments when purines were used as the microbial marker. In addition, when estimates of protein degradation using different markers were correlated to in situ estimates of dietary protein degradation (Figure 3) , the 15 N procedure resulted in intercepts closer to zero and slopes closer to 1. Although there is no standard for comparison, data suggest that the use of 15 N in effluent bacteria may be the most accurate marker to use in continuous-culture systems. Whether the same rationale applies to sampling bacteria from the rumen vs the duodenum is questionable. Siddons et al. (1982) indicated that the proportion of microbial N in duodenal digesta was different depending on site of bacteria sampling (rumen vs duodenum) and marker used ( 15 N vs 35 S). Moreover, bacteria collected at the duodenum may have been partially digested by the HCl-pepsin action in the abomasum, and the microbial marker:N ratio in microbial isolates may have been altered.
Implications
Results indicated that dietary purines were nearly completely degraded by ruminal microbes, regardless of the total amount of purines in diets, and escape of feed purine nitrogen seems to be a minor factor affecting calculations of microbial nitrogen flow. Low correlation coefficients among individual estimates obtained using different markers coupled with good correlation among treatment means are interpreted to suggest that most of the variation was associated with the precision of the techniques used. The use of labeled nitrogen ( 15 N ) in bacteria isolated from fermenter effluents resulted in lower standard errors in estimates of microbial nitrogen flow and crude protein degradation and improved the correlation vs in situ estimates of crude protein degradation.
